Objective Community-acquired pneumonia (CAP) remains a major cause of death. No studies have reported the use of rapid influenza diagnostic tests (RIDT) for the etiological diagnosis, and the factors contributing to severity and mortality have not yet been fully investigated. The aim of this study was to review the etiologies of CAP using RIDT and to identify risk factors related to the severity and mortality of the disease. Methods This retrospective study assessed these factors in hospitalized patients, with special emphasis on microbial etiology. Results A total of 1,032 patients aged 63.9±18.3 years were studied, 66.2% of whom were men. Microbial identification was obtained in 57.0% of the cases. The most frequent causative microbial agents were Streptococcus pneumoniae, Mycoplasma pneumoniae and the influenza virus, and the second most frequent pathogens in the patients with severe CAP and the non-survivors were S. pneumoniae and the influenza virus. Age (! 65 years), chronic obstructive pulmonary disease, congestive heart failure, diabetes mellitus, dementia and Legionella spp. infection and polymicrobial infection were each found to be independent factors related to severity in the multivariate analysis, whereas "unidentified pathogen" was found to be an independent factor for non-severe CAP. Age (! 65 years), chronic pulmonary aspergillosis, post-lung cancer surgery and severe CAP were found to be independent factors for non-survival according to a multivariate analysis. Conclusion In addition to S. pneumoniae, the influenza virus was a frequent cause of CAP overall and a frequent causative pathogen in both severe cases of CAP and non-survivors. Legionella spp. infection and polymicrobial infection were found to be an independent factor for the severity of CAP along with advanced age and certain comorbidities. An advanced age, certain respiratory comorbidities and severe CAP were found to be important independent factors for the mortality of CAP.
Introduction
Despite advances in diagnosis and antimicrobial therapy, community-acquired pneumonia (CAP) remains an important cause of morbidity and mortality, especially in patients requiring hospitalization. The rates of severe CAP among patients hospitalized with CAP range from 6.6% to 16.7% (1) . Both morbidity and mortality in patients with moderate to severe CAP remain high, and critically ill patients hospitalized with CAP have mortality rates ranging from 5% to 30-50% (2) .
To improve clinically relevant outcomes, Infectious Diseases Society of America (IDSA)/American Thoracic Society (ATS) guidelines for CAP were announced in 2007 (3) . Diagnostic testing to determine the etiology of CAP is encouraged, and the guidelines recommend using the rapid influenza diagnostic test (RIDT) for its epidemiologic impor-tance and consideration of antiviral therapy (3) . To our knowledge, however, no studies reporting the routine use of RIDTs for etiological diagnosis exist. We have used RIDTs since 2002 and have administered antiviral treatment based on both the clinical diagnosis and RIDT results.
In addition, relatively few studies have reported the risk factors related to the severity and mortality of CAP. Identifying corresponding risk factors may help to define better strategies for prevention and early recognition of severe CAP and contribute to identifying patients requiring intensive care in order to mitigate the negative outcomes of CAP. The primary objective of the present study was to review the etiologies of CAP, the results of RIDTs and the outcomes of the use of neuraminidase inhibitors to treat influenza pneumonia. The secondary objective was to identify risk factors related to the severity and mortality of CAP.
Materials and Methods
We conducted a retrospective study of all patients hospitalized with CAP over a 10-year period from January 2002 through November 2011 at our institution in Saitama, Japan. CAP was diagnosed on the basis of symptoms suggestive of lower respiratory tract infections and the development of infiltrations on chest X-ray.
The excluded patients comprised those with healthcareassociated pneumonia or hospital-acquired pneumonia, as defined in the ATS/IDSA guidelines (4), those showing immunosuppression (AIDS or receiving chemotherapy), those residing in a nursing home and those with tuberculosis, nonresected lung cancer or a confirmed alternative diagnosis lasting until the end of the follow-up.
Semiquantitative culture of the microorganisms was divided into five grades: 3+, 2+, 1+, "a little" and "very little." Microorganisms were considered causative if one of the following criteria was met: bacterial growth in sputum cultures (! 2+), protected specimen brush samples (! 1+), bronchoalveolar lavage fluid (! 1+) or transbronchial aspirate (! 1+); a positive blood culture (in the absence of an apparent extrapulmonary focus); a positive bacterial culture of pleural fluid and transthoracic needle aspiration samples; or isolation of Legionella spp. or Mycoplasma pneumoniae from respiratory samples. The diagnosis of the influenza virus and atypical microorganisms, including M. pneumoniae, Legionella spp. and Chlamydia psittaci, was established on the basis of a 4-fold increase in the IgG titers of paired sera at admission and during the following three to six weeks thereafter. Increases in the antibody titers against C. pneumoniae (enzyme-linked immunoassay) ! 1.35 for IgG or 1.0 for IgA were regarded as significant. Positive results of the urinary antigen test for S. pneumoniae (BinaxNOW Streptococcus pneumoniae urinary antigen test; Binax, Inc., Portland, ME, USA), L. pneumophila (BinaxNOW Legionella pneumophila urinary antigen test; Binax, Inc.) and RIDT for nasopharyngeal swabs (Capilia Flu A+B; Alfresa Pharma, Osaka, Japan [from 2002 to 2008] and ESPLINE Influenza A&B-N; Fujirebio Inc., Tokyo, Japan [from 2009]) were also regarded as significant. Severe CAP was diagnosed when at least one major criterion or three minor criteria of the IDSA/ATS guidelines (3) were present.
The treatment prescribed during the first 24 hours of hospitalization was considered the initial treatment. The initial antibiotic regimen was defined as being concordant when the antibiotics chosen by the attending physician were in accordance with the recommendations of the 2007 IDSA/ATS guidelines (3), regardless of any additional administered antibiotics. The treatment effectiveness of the initial antibiotics administered after admission was judged by physicians on the basis of body temperature, physical condition and arterial oxygen saturation or partial arterial oxygen pressure.
The following variables were assessed as possible risk factors for the severity and mortality of CAP: age (! 65 years), male sex, smoking habits, presence of comorbid illnesses, history of prior antibiotics administered by a local physician and causative pathogens. The severity of CAP and the concordance of the initial antibiotic therapy with the ATS/IDSA guidelines (3) were also assessed as possible risk factors for mortality from CAP. The study protocol was approved by the Ethical Committee of the Saitama Cardiovascular and Respiratory Center.
Statistical analysis
The results are presented as the frequency and percentage or the mean ± SD, unless otherwise indicated. Risk factors for the severity and mortality of CAP were evaluated with univariate and multivariate logistic regression analyses. Variables showing significance in the univariate analysis (p< 0.05) were included in the multivariate logistic regression analysis with the backward elimination method. The 95% confidence intervals of all of the comparisons are also reported. In all instances, a two-tailed p value <0.05 was considered to indicate statistical significance.
Results

Patient characteristics
Overall, 1,032 patients were investigated. The characteristics of the patients diagnosed with CAP are shown in Table 1. Among these patients, 133 (12.9%) were classified as having severe CAP and 32 (3.1%) died during their hospital stay.
Microbiological patterns
The diagnostic methods used and the results obtained are listed in Table 2 . Pathogens were identified in 588 (57.0%) patients: 493 (47.8%) had a single pathogen and 95 (9.2%) had two or three pathogens ( Table 3 ). The four most frequently isolated pathogens were S. pneumoniae, M. pneumoniae, the influenza virus and Legionella spp.
S. pneumoniae was the most frequent microorganism found in patients with polymicrobial infections (Table 4) . 32 (3.1) Data presented as means ± standard deviation or n (%). "Other pulmonary disease" includes the following incidences of each disease: pneumoconiosis (n =7); pulmonary thromboembolism (n =4); chronic empyema (n =4); asbestos pleuritis, sarcoidosis, pulmonary alveolar proteinosis (n =3 each); and others (n =15)."Other systemic disease" includes the following incidences of each disease: gastritis or gastric ulcer (n =14); mental disorder (n =10); chronic kidney disease (n =9); chronic thyroiditis (n =6); hyperlipidemia, postoperative breast cancer, cardiomyopathy, primary immunodeficiency, alcoholism (n =5 each), atrial or ventricular septal defect, prostate hypertrophy, abdominal artery aneurysm (n =4 each); deep venous thrombus (n =3); and others (n =24). Some patients have more than one commorbidity. Polymicrobial infection with both S. pneumoniae and the influenza virus was the most frequent combination, occurring in 28 (29.5%) of 95 cases. Of the 97 patients with influenza virus infection, 61 (62.9%) were diagnosed according to positive RIDT and 36 (37.1%) were diagnosed based on serology alone. Forty-one (42.3%) of these patients were found to have polymicrobial infections. The monthly distribution of the patients diagnosed with an influenza virus infection is shown in Figure. S. pneumoniae was the most common pathogen found in both patients with severe CAP and non-survivors, followed by the influenza virus (Table 3) . Legionella spp. was the third leading cause of severe CAP and the third leading cause in the non-survivors, occurring with the same frequency as that of M. pneumoniae and H. influenzae.
Risk factors for severity on admission
A multivariate analysis found age (! 65 years), chronic obstructive pulmonary disease (COPD), congestive heart failure (CHF), diabetes mellitus, dementia, Legionella spp. infection and polymicrobial infection to be significant factors contributing to the severity of CAP (Table 5 ). "Unidentified pathogen" was found to be an independent factor for nonsevere CAP. Male sex, underlying systemic disease or both systemic and respiratory disease, old pulmonary tuberculosis, cerebrovascular disease, S. pneumoniae infection and influenza virus infection were found to be significant factors according to a univariate analysis and nonsignificant factors according to a multivariate analysis.
Risk factors for mortality
The multivariate analysis showed that age (! 65 years), chronic pulmonary aspergillosis, post-lung cancer surgery and severe CAP were independent risk factors for mortality (Table 6) . Underlying systemic disease, CHF and cerebrovascular disease were each found to be significant risk factors in the univariate analysis but not in the multivariate analysis.
Comparison of patients receiving guidelineconcordant versus guideline-discordant therapy
Of the 1,032 patients, 687 (66.6%) received guidelineconcordant initial therapy (β-lactams plus macrolides in 560 patients, β-lactams plus tetracyclines in 14 patients and fluoroquinolones with or without β-lactams and macrolides in 113 patients) and 345 received guideline-discordant therapy (β-lactams only in 270 patients, macrolides only in 66 patients, tetracyclines only in three patients, β-lactams plus clindamycin in two patients, sulfamethoxazole/trimethoprim in two patients and telithromycin only in two patients). Compared with discordant therapy, concordant therapy resulted in fewer S. pneumoniae infections (concordant therapy: 21.8%; discordant therapy: 27.8%; p=0.037), fewer polymicrobial infections (concordant therapy: 7.1%; discordant therapy: 13.3%; p=0.002) and less frequent treatment failure with initial antibiotics (concordant therapy: 10.9%; discordant therapy: 15.9%; p=0.028). There were no significant differences in other demographic variables, underlying diseases, etiology or severity between the patients who received concordant versus discordant therapy. Subsequent an- Chlamydophila psittaci , GNEB (Klebsiella pneumoniae ), GNEB (Enterobacter acrogens ) (n =1 each). 2 Includes C. pneumoniae , Legionella spp., GNEB (K. pneumoniae ), and GNEB (Escherichia coli ) (n =1 each). 3 Includes Legionella spp. (n =2) and C. pneumoniae , MSSA, GNEB (K. pneumoniae ), H. influenzae , P. aeruginosa (n =1 each). 4 Includes P. aeruginosa + GNEB (K. pneumoniae ) (n =2), P. aeruginosa + H. influenzae and P. aeruginosa + MRSA (n =1 each), M. catarrhalis + H. influenzae (n =2), and L. pneumophila + C. pneumoniae , C. psittaci + GNEB (K. pneumoniae ), MSSA + Nocardia sp., S. oralis + GNEB (K. ozaenae ),
and Prevotella sp. + Fusobacterium sp. (n =1 each). 5 Includes C. pneumoniae (n =2) and MSSA, H. influenzae , M. pneumoniae (n =1 each). 6 Includes S. pneumoniae + MSSA + GNEB (K. pneumoniae ), P. aeruginosa + P. alcaligenes + H. parainfluenzae , Gemella morbillorum + Peptostreptococcus prevotii + Veillonella sp., and M. pneumoniae + S. sanguis + Fusobacterium nucleatum (n=1 each).
tibiotic therapy was administered in 9.2% of patients initially receiving concordant therapy and 13.0% of patients initially receiving discordant therapy.
Neuraminidase inhibitors for influenza pneumonia
Neuraminidase inhibitors were administered in 45 (46.4%) of the 97 patients with influenza pneumonia. Administration was based on positive RIDT results in 38 patients and on the clinical diagnosis only in seven patients. Four patients with influenza virus infection died; none received neuraminidase inhibitors.
Discussion
The most frequent microbial agents found in the 1,032 patients with CAP were S. pneumoniae, M. pneumoniae, the Number of cases influenza virus and Legionella spp. The pathogens found in the patients with severe CAP included S. pneumoniae as the most common pathogen, followed by the influenza virus, Legionella spp. and others accounting for a minor frequency. As in the patients with severe CAP, the pathogens found in the non-survivors included S. pneumoniae as the most common pathogen, followed by the influenza virus and Legionella spp., which occurred at equal frequency to M. pneumoniae and H. influenzae. This study, in which RIDTs were used for etiological diagnosis, elucidated that the second most frequent pathogen in patients with severe CAP and non-survivors is the influenza virus. The independent risk factors for severe CAP were age (! 65 years), COPD, CHF, diabetes mellitus, dementia and Legionella spp. infection and polymicrobial infection. Age (! 65 years), chronic pulmonary aspergillosis, post-lung cancer surgery and severe CAP were found to be independent risk factors for mortality, whereas guideline-concordant therapy was not.
In two previous reports of the etiologies of CAP in Japan (5, 6), the three most frequently isolated pathogens were S. pneumoniae, H. influenzae and M. pneumoniae. Diagnosis of viral infection in these studies was based on paired sera, and viruses were found in only 2.1% (5) or 3.0% (6) of patients. However, when a diagnosis of influenza virus infection is based only on paired sera, cases involving an acute clinical course or early death are missed. Although polymerase chain reaction (PCR) assays are sensitive, PCR techniques are more labor intensive, technically demanding and require specialized laboratory equipment. In contrast, RIDT is a simple test with results obtainable within 15-30 minutes. In the present study, we used this test in addition to paired sera to identify infection with influenza virus, which was found in 97 (9.4%) of the 1,032 patients, and this result was not significantly different from that observed in Western countries (7, 8) . Because rapid antigen tests and treatments for S. pneumoniae, the influenza virus and Legionella spp. are now available, introducing these tests into routine clinical care is encouraged, especially in cases of severe CAP.
The comparative features of influenza pneumonia can be classified into three types: primary viral pneumonia, secondary bacterial pneumonia and mixed viral and bacterial pneumonia. In the present study, 42.3% of the patients with influenza virus infection had evident polymicrobial infections and were classified as having secondary bacterial pneumonia or mixed viral and bacterial pneumonia. The other 56 cases did not always involve primary viral pneumonia because cases were included in which the pathogen causing the polymicrobial infection could not be easily identified.
Several risk factors that predict which patients will develop moderate to severe CAP, thereby requiring hospital or ICU admission, have been identified in multivariate analyses in a limited number of studies. These factors include demographics (age, sex, and residence status) and comorbid conditions (2). In our study, age (! 65 years) and certain comorbidities were identified as being independent risk factors for severe disease and mortality. Additionally, our results also support comorbidity as an important factor for the development of severe CAP. Alcohol abuse is also a suggested risk factor for severe CAP (9, 10); however, there were too few patients with alcohol abuse in the present study to include this variable in our analysis.
The etiology of CAP has not been identified as being a factor contributing to severity in the majority of previous studies. Although S. pneumoniae, M. pneumoniae and the influenza virus are the major pathogens of CAP, no reports have shown these microorganisms to be associated with increased severity, which is consistent with the findings of the present study. However, our results did show infection with Legionella spp. to be an independent risk factor for the de- velopment of severe CAP. A review of nine studies including 890 CAP patients admitted to the ICU demonstrated that Legionella spp. are common pathogens subsequent to S. pneumoniae (11) . Another study indicated that atypical pathogens can collectively account for ! 20% of severe pneumonia episodes and that the dominant atypical pathogen in severe CAP is Legionella spp. (12) . Similarly, Dambrava et al. assessed related etiologies according to ATS risk stratification and found Legionella spp. to be more frequent in severe cases (13) . Unknown etiologies are also reported to be associated with severe CAP (13) , which is contrary to our findings. It is recommended that patients with severe CAP therefore undergo several tests to identify the etiologies (3), and our use of multiple tests may have led to improved rates of pathogen identification in our patients with severe CAP.
The reported incidences of polymicrobial etiology range from 5.7% to 38.4% (7, (14) (15) (16) (17) (18) . Polymicrobial infections accounted for 9.2% of all infections in the present study and were associated with severe CAP. S. pneumoniae was by far the most frequent copathogen in polymicrobial infections, as reported previously (14) . In addition, similar to the results of this previous study, the most frequent polymicrobial pattern observed in the present study was that of S. pneumoniae and influenza virus infection. This finding underlines the importance of providing pneumococcal coverage in any initial antimicrobial treatment regimen.
Other studies also showed that the chronic comorbidities of COPD and cerebrovascular disease appear to be the most important factors for mortality in older adults hospitalized with CAP (19) . Nursing home residences have also been found to be an independent risk factor for mortality (20) ; however, the present study included no nursing home residents. To our knowledge, there are no reports suggesting the existence of associations between either chronic pulmonary aspergillosis or post-lung cancer surgery and mortality. The impaired host defenses underlying chronic pulmonary aspergillosis (21) or an impaired pulmonary function, including impaired local defense mechanisms, after lobectomy or pneumonectomy may contribute to mortality. Certainly, intercurrent disease, the most frequent of which is CAP, is the leading cause of death during postoperative follow-up care (22) for lung cancer.
Etiologies as risk factors for the mortality of CAP have not yet been sufficiently studied. In the present study, no single or polymicrobial pathogens, identified or unidentified, were found to be independent factors for mortality.
Recent studies focusing on hospitalized patients with CAP have found decreased 48-hour (23) and 30-day (24) mortality rates when initial antibiotic therapy is concordant with ATS (25) or IDSA (14) recommendations. Empirical treatment concordant with the IDSA/ATS guidelines has also been reported to improve survival in severe cases (26) . In the present study, discordant therapy was not found to be an independent risk factor for mortality, although the patients receiving concordant therapy had a lower frequency of initial treatment failure than did the patients receiving discordant therapy. Our results may suggest that even when the initial treatment is not effective, patients treated with discordant therapy can receive effective subsequent treatment, resulting in a nonsignificant difference between discordant therapy and concordant therapy with respect to mortality.
Early use of neuraminidase inhibitors can reduce the development of complications such as pneumonia (27) , and current CDC guidelines (28) recommend the use of neu-raminidase inhibitors in hospitalized patients with influenza virus infection. In the present study, 38 patients with influenza virus infection received neuraminidase inhibitors on the basis of positive RIDT results. The mortality rate for influenza pneumonia in the present study was 4.1%, whereas previous studies have reported rates of 5.8-29.0% (29) (30) (31) . The efficacy of antiviral therapy and antibiotics for polymicrobial infections should thus be studied further in future studies.
The present study has several limitations. First, because this is a nonrandomized observational study, the level of confidence in the result that discordant initial treatment is not associated with mortality is reduced. Because the rate of treatment failure with initial antibiotics was higher in the discordant therapy group than in the concordant therapy group, concordant therapy may appear to be the better choice. Second, performing a complete diagnostic workup to determine the etiology was not possible in every patient. Finally, the present study was carried out in a single center, and the results may not be applicable to other settings.
In conclusion, the most frequent microbial agents of CAP are S. pneumoniae, M. pneumoniae, the influenza virus and Legionella spp. Independent risk factors for severe CAP include age (! 65 years), COPD, CHF, diabetes mellitus, dementia and Legionella spp. infection. In addition, age (! 65 years), chronic pulmonary aspergillosis, post-lung cancer surgery and severe CAP are independent risk factors for mortality.
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